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Abstract 
The aim of the research is to obtain fan belt wastewater treatment results in accordance with quality standards of that have 
been set by the government. The initial quality of the fan belt industry waste water was 1950 mg/liter of total suspended 
solid (TSS), 9950 mg/liter of chemical oxygen demand (COD), the dark purple colored and smelled. The experimental 
variables are the type of coagulants (Alum and Poly Ammonium Chloride), the initial pH of the coagulation process 
(5.0;7.0 and 9.0) and the process sequence was coagulation-advanced oxidation process (C-AOP) as well as advanced 
oxidation-coagulation (AOP-C). The optimal result of this research obtained for process sequence of the C-AOP with of 
Poly ammonium chloride as coagulant at pH 9.0. It can remove COD and TSS respectively by 96% and 99%, reduction 
color as well as odor significantly. 
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1. Introduction 
Production of cars and motor vehicles has increased very rapidly. Thus, it will increase the need for the 
supporting components such as fan belt (v-belt). Fan belt manufactured using rubber materials and coloration 
as finishing process. By products of this process is the liquid waste from the dyeing process by having the 
value of COD and TSS are very high, colorless, odorless and does not meet government quality standards. 
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The process that has been used in the wastewater treatment of the fan belt is the coagulation and 
sedimentation. The weakness of this process is the removal of organic matter, odor and color that are not 
significant. This is due to high of organic complex dissolved in this wastewater. At this time the technology 
has been applied in the fan belt wastewater treatment by coagulation-flocculation process using alum 
coagulant. The weakness of this process is still less the elimination of organics, odor and color of the waste. 
This is due to organic matter contained in wastewater organic complex form Advanced Oxidation Processes 
(AOPs) is the one of the powerful clean technology in reducing the complex of organic matter and also able to 
eliminate the odor and color of the [1]. However, the application of this technology is still in single AOPs for 
the wastewater with a high content of TSS and COD, and requires a considerable cost. To overcome this 
problem the use of AOPs need to be combined with other processes such as coagulation-flocculation or 
biological processes.  
AOPs technology is a highly effective cleaner technology in deciphering the complex and toxic organic 
pollutants into CO2 and H2O by using an oxidant-OH radical (•OH) in the reaction process. Radicals-OH are 
very reactive with known oxidation potential 2.7 Volts, readily react with organic compounds (ethylene, fats, 
aromatic and aliphatic) and inorganic anions and cations in the form [2] is not selective [3] and the reaction 
takes place at ambience temperatures and pressures. Radicals-OH in AOPs can be obtained by combining 
O3/H2O2, UV/O3, TiO2/UV, Fenton reagent and catalytic ozonation (O3/GAC, O3/TiO2 etc.). The oxidation 
process of O3/GAC-based on AOPs is more common reacted by OH radicals and oxygen radicals [4], [5], [6]. 
In addition, the O3/GAC-based AOPs process is more effective, using the available activated carbon which 
the activated carbon regeneration is not required because the contaminants in the pore of activated carbon can 
be described by ozone and the use of ozone is more efficient [6]. Coagulation is a chemical process that can 
negative the colloidal stability, so that the colloids can be combined to form flocks and enlarged and easily 
settled by gravity. The purpose of this experiment is to find a sequence of combinations between AOPs and 
coagulation processes, the type and pH of the effective coagulant that will be used in the treatment of fan-
belt’s wastewater. 
2. Research Method 
The equipment used is a set of C-AOPs semi-continuous reactor with a capacity of 1 liter and 20 liter. 
Ozone was produced by a RS 09805 ozone generator with maximum ozone production capacity of 0.25 g of O3/h. 
The specific surface area of activated carbon packed bed and granular were measured using the multipoint BET of 
N2 adsorption in a Quantachrome Autosorb-6 with surface area 6.87.102 m2/g. The sources of waste liquid from 
Fan-belt industry that located in Jatake, the City of Tangerang Indonesian. The steps of experiment were 
carried out as follows:  
2.1. Characterization and Optimization of Coagulation-Flocculation Processes of wastewater Fan belt 
The characterization Fan-belt wastewater that measure are Chemical Oxygen Demand (COD) by using 
titration methods, Total Suspended Solid (TSS) with gravimetric method, pH measured by meter pH, odor and 
color by visual observation. The optimization of coagulation-flocculation of Fan belt wastewater the in jartes 
are to determine the use of pH and coagulant type best. Polyaluminium clorida (PAC) and Alum as a 
coagulant. Wastewater fan belt in a 1 liter glass beaker at a particular pH added 0.02 g of coagulant, stirred at 
120 rpm for 20 min and slow speed at 60 rpm for 10 minutes. After sediment separated, clean fluids analyzed 
of COD, TSS, pH, odor and color. 
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2.2. Optimization pH and Temperature of AOPs on Fan-Belt Wastewater of Treatment 
The number of radicals formed in the wastewater treatment with AOPs base O3/GAC depends on the 
solubility and stability of ozone in wastewater on the certain pH and temperature. These experiments use pH 
(5.0, 7.0 and 9.0) and temperature (25oC, 30oC, and 35oC) in the AOPs reactor. The dimension of the reactor 
is 450 mm high with ID 40 mm which equip by inlet diffuser for bubbling the gas mixture, outlet gas, 
sampling port and magnetic stirrer. Once the experiment was started, the air-ozone mixture was fed into the 
flasks (KI solution) in order to determine the ozone concentration in the gas form. Analysis parameters of the 
COD, TSS, color and odor. 
2.3. Pre/Post Coagulation  on AOPs and The Application C-AOPs on Wastewater Treatment of Fan-belt 
Pre / post coagulation in AOPs done after obtained the best conditions of pH coagulation-flocculation and 
the right type of coagulant. The experiments were conducted in a 1L batch reactor, measured parameters were 
COD, TSS, pH, odor, color and COD removal percentage. Application prototype C-AOPs equipment were 
conducted in a 20 L batch reactor, the experiments were performed in a reactor in Fig. 1. The experiment was 
carried out to test combinations of coagulation-flocculation sequence with the best AOPs. 
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Fig. 1. (a) Process Flow Sheet Coagulation-AOPs base on O3/GAC (C-AOPs) and (b) Details AOPs base on O3/GAC 
3. Result and Discussion 
3.1. Characterization and Optimization of Coagulation-Flocculation Processes of wastewater Fan belt 
The characteristics of Fan belt wastewater is presented in Table 1. It can be seen that the characteristics of 
wastewater does not meet the quality standard of Environment Decree KEP-51/MENLH/10/1995. The high of 
value the parameters of COD, TSS, pH and color caused by the dissolved and not dissolved organic 
substances which came from the organic dyes that used in dyeing processes.  
Table 1. The characteristic of the wastewater Fan-Belt 
Parameters COD (mg/L) TSS (mg/L) Color Odor pH 
Results 9950 1950 dark purple smelling of alcohol 5,0 
Quality Standard* 300 150 colorless odorless 6,0-9,0 
* = Quality Standard of Environment Decree LH No. KEP-51/MENLH/10/1995 
The optimization of the use of coagulant and pH of coagulation-flocculation processes can be seen in Table 
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2. It shows the best treatment results occur in the use of PAC at pH 9.0 with 41% removal of COD, TSS 28%, 
and significant decoloration. This is due to PAC coagulant is a macromolecule with a degree of 
polymerization increased with increasing neutralization, strong adsorption power, strength adhesive good, and 
the formation of flocs is high in the small doses of PAC as well as a rapid sedimentation rate [7]. Besides, the 
content of chloride on the PAC can make PAC easily react and damage the bonding of organic carbon-
nitrogen is mainly due to the negative charge of chlorine [8].  
Table 2. The influence of type of coagulant of wastewater Fan-Belt 
 
pH 
 
Coagulant 
Parameters 
COD (mg/L) TSS (mg/L) Color pH % COD Removal % TSS Removal 
 
5.0 
Alum 9281 2300 DP 3.0 7 -18 
PAC 8083 2100 MP 4.0 19 -8 
 
7.0 
Alum 7578 1800 MP 5.0 24 8 
PAC 7125 1700 MP 6.0 28 13 
 
9.0 
Alum 8647 2600 MP 7.0 13 -33 
PAC 5913 1400 MP 8.0 41 28 
*= Quality Standards of the environment decree  KEP-51/MENLH/10/1995 
MP = Muddy Purple and  DP= Dark Purple 
3.2. Optimization pH and Temperature of AOPs on Fan-Belt Wastewater of Treatment 
Optimization pH and temperature on AOPs base on O3/GAC fan-belt wastewater treatment at pH (5.0, 7.0 
and 9.0) and temperature (25oC, 30oC, and 35oC) with activated carbon content of 1 g/L can be seen in Table 
3 and 4. At pH 9.0 the percentage of COD removal is 39.7%, 13.1% at pH 7.0 and 6.72% at pH 5,0. This is 
caused the high number of OH-radical formed at high pH [10]. Besides, the ozonation on the surface of 
activated carbon can produce ozonide (O3-), oxide radical (O•) and oxygen radicals (•O2) which also oxidize 
organic compounds [9]. The effect of AOPs in wastewater color change is directly proportional to the 
decrease the value of COD and TSS.  
Table 3. Changes in Wastewater Characteristic Fan belt after AOPs base on O3/GAC 
pH  Parameters 
COD (mg/L) TSS (mg/L) Color Odor pH % COD Re-moval % TSS Re-moval 
5.0 9281 1800 DP alcohol 5.0 6.72 7.69 
7.0 8647 1300 DP alcohol 5.0 13.10 33.33 
9.0 6000 1100 DP alcohol 7.0 39.7 43.6 
DP= Dark Purple 
 
Effect of temperature on the wastewater treatment with AOPs on O3/GAC can be seen in Table 3. From 
Table 3 it is seen that at a temperature of 25oC the COD values increase, this is due to the amount of ozone 
gas dissolved in the effluent is greater than at 30 ° C and 35 ° C., but the formation of OH radicals more 
slowly. So at low temperature, degradation of organic compounds in the wastewater more by ozone. O3 gas is 
selective and smaller oxidation potential of the radical •OH. Thus the incomplete decomposition of organic 
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compounds into CO2 and H2O even predicted the formation of intermediate compounds in the effluent. 
Estimates of intermediate compound formation reactions of complex organic compounds at low temperatures 
can be explained as follows: 
Organic compounds + O3 + radical ė intermediate 1                           (1) 
Intermediate 1 + O3 + radical  ė intermediate 2       (2) 
Intermediate 2 + O3 + radical  ė ė  CO2 + H2O (3) 
Table 4. Effect of temperature on AOPs at pH 9.0 in reactor 1 liter for 30 minutes 
 
ToC 
 
Parameters Measured   
COD (mg/L) TSS (mg/L) Color Odor pH 
25 10.000 1900 DP smelling of alcohol 8,0 
30 6000 1100 DP smelling of alcohol 8,0 
35 9281 1500 DP smelling of alcohol 8,0 
3.3. Pre/Post Coagulation  on AOPs and The Application C-AOPs on Wastewater Treatment of Fan-belt 
Application of pre/post treatment by coagulation-flocculation process on AOPs (C-AOPs) and AOPs-
coagulation flocculation (AOPs-C) at pH 9.0, and room temperature with PAC as coagulant can be seen in 
Table 5. It is shown from the large of COD removal for the C-AOPs reached 85.86% and AOP-C by 82.55%. 
This is due to the good contact occure between the dissolved organic matter with OH free radicals [10]. Thus 
the pretreatment with coagulation-flocculation process can be removal of suspended and colloidal solids so 
that not to interfere with the contact and reaction between O3 and radical compounds or with other organic 
contaminants. 
Table 5. Application of pre/post treatment of coagulation-flocculation process on AOPs 
 
Process  
Parameters 
COD (mg/L) TSS (mg/L) Color Odor pH % R COD 
 (C-AOPs) 1411 200 clear Odorless 7.0 85.86 
 (AOPs-C) 1736 1600 MP slight odor 6.0 82.55 
MP = Muddy Purple, Coagulation-flocculation process on AOPs (C-AOPs) and AOPs-coagulation flocculation (AOPs-C) 
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Fig. 2.The effect of time of ozone in the process C-AOPs to the value of TSS  (a) and COD (b) in the 20 liters reactor, initial of pH 9.0, 
PAC coagulant and 2.8 g / L.h ozone capacity 
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The application of the C-AOPs of Fan-belt wastewater treatment can be seen in Fig. 2, the process (C-
AOPs) takes quite a long time (330 minutes) to reduce 96% COD and TSS by 90%, the color becomes clear, 
until the pH dropped to pH 7.0 and odorless. The length of time required in the C-AOPs Fan Belt wastewater 
due to the high content of COD and TSS in the wastewater of fan-belt, so to speed up the process needs to be 
evaluated by means of contact between O3 and GAC contact point (input) and adjust the dose of ozone so that 
the process is more effective and efficient.  
4. Conclusion and Suggestion 
From the experiment that has been conducted, it can be concluded that the wastewater treatment process of 
fan-belt is best to occur through the C-AOPs process that could reduce the COD by 95.7%, 89.7% TSS at pH 
9 and within 5.5 hours, colorless and odorless. In order to the better of process with O3/GAC-based C-AOPs, 
needs to be done with a biological post-treatment process or process optimization by means of ozone direct 
contact with the waste. 
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